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EXECUTIVE SUMMARY

Thisreport presents a Trinity Engineering Associates (TEA) review of the proposed U.S.
Department of Energy (the Department or DOE) emplacement of supercompacted waste at the
Waste Isolation Pilot Plant (WIPP) in southeastern New Mexico. TEA is under contract to the
U.S. Environmental Protection Agency (the Agency or EPA) to provide WIPP technical support.
The supercompacted waste would be shipped from the Advanced Mixed Waste Treatment
Facility (AMWTF), currently undergoing testing at the Idaho National Engineering and
Environmental Laboratory. At the time of initial Agency certification, the WIPP wasin a pre-
operational status and the standard waste that was to be emplaced was modeled in performance
assessment as homogeneous in physical and chemical properties. Upon becoming operational, it
has become clear that waste from some generator sites could have different physical and
chemicad properties than the standard waste, and that such waste would tend to be shipped to
WIPP in disposal campaigns that may result in a clustering of similar waste types within the
repository. This emplacement process may result in an increased probability that one intruding
borehole may encounter waste that is chemically and physicaly quite different from another
intruding borehole, with a possible difference in releases.

These issues arereviewed in this report in the context of high strength, supercompacted waste
from the AMWTF. The standard waste envisioned at the time of initial Agency certification was
generally uncompacted, homogeneous, degraded, and compressible. The supercompacted wastes
are highly rigid, may degrade more slowly, and are not expected to further compress during
repository creep closure. In addition, the supercompacted waste is volumetrically significant and
chemicdly dissimilar from the average standard waste assumed in the initid certification, with
above average cellulose, plastic and rubber (CPR) concentrations and below average
radionuclide concentrations.

The possible effects of these waste types on repository performance were evaluated by the
Department in a special Advanced Mixed Waste (AMW) performance assessment. As aresult of
its assesament, the Department concluded that waste heterogeneity is not important to WIPP
performance assessment and that AMWTF waste can be appropriately modeled as homogeneous
standard waste. TEA’ sreview of that assessment considered the differences in waste inventory,
the effects of changes in waste mechanical characteristics, the heterogeneity in waste placement
in the repository, the effects on chemical conditionsin the repository, the ability of the
Department to adequately predict waste room closure, and the adequacy of the Department’s
analysisof features, events, and processes to be considered in the performance assessment.

Not al information regarding emplacement of supercompacted AMWTF waste that has been
requested by the Agency has been received from the Department at this time and several issues
remain that have not been completely resolved. However, based on the information available at
thistime, TEA believes that emplacement of supercompacted and uncompacted AMWTF wastes
at WIPP is not likely to affect the ability of the repository to meet the Agency-mandated release
limits and will not have a significant impact on overall repository performance. The ability of the
repository to successfully isolate waste from the environment is substantial and releases resulting
from intrusion events are expected to be lower for AMWTF waste than for standard waste. This



is because of the higher strength and lower radionuclide inventories of the supercompacted
waste. The remaining issues that have not been resolved concern the generation of CO, and the
amount of MgO that must be added to the supercompacted waste to sequester it, and the effect of
an increased room-scale permeability on direct brine rel eases.



1.0 INTRODUCTION

Thisreport presents a Trinity Engineering Associates (TEA) review of the proposed U.S.
Department of Energy (the Department or DOE) emplacement of supercompacted and
heterogeneous waste at the Waste I solation Pilot Plant (WIPP) in southeastern New Mexico.
TEA isunder contract to the U.S. Environmental Protection Agency (the Agency or EPA) to
provide WIPP technical support. At the time of initial Agency certification, the WIPP wasin a
pre-operational status and the waste that was to be emplaced was assumed in the Department’s
performance assessment to be generally homogeneous in physical and chemical characteristics.
Upon becoming operational, it has become clear that waste may be shipped to WIPP in disposal
campaigns from the various source sites. This has resulted in a clustering of similar waste types
within the repository on a scale that may alter the original performance assessment assumptions
of random placement and homogeneity in determining releases from borehole intrusions. The
waste has also been emplaced in avariety of container types and some waste is proposed by the
Department to be emplaced in a supercompacted form that would have different physical
characteristics than standard waste and may also alter the original performance assessment
assumptions of homogeneity.

This report presents TEA’s evaluation of the Department’ s conclusion that the original
performance assessment assumptions remain appropriate in view of these differences. Much of
the information in this report was obtained from Revisions 0 and 1 of the Sandia National
Laboratories (SNL) report Effects of Supercompacted Waste and Heterogeneous Waste
Emplacement on Repository Performance (Hansen et al. 2003a and 2003b). Those reports were
prepared for the Department in response to an Agency request for additional information (EPA
2003). Information supporting this evaluation was also obtained from cited references and from
technical exchange meetings with Department and SNL staff members on October 21 and 22,
2003, in Idaho Falls, Idaho, on November 18 and 19, 2003, in Carlsbad, New Mexico, and on
January 20 through 23, 2004, in Albuquerque, New Mexico.

EPA 3.04



2.0 BACKGROUND INFORMATION

The Department’ s original performance assessment, presented in its 1996 Compliance
Certification Application (DOE 1996), and the Agency-mandated Performance Assessment
Verification Tes (PAVT; SNL 1997a and 1997b), both assumed that waste containers would
degrade rapidly in the WIPP repository environment and that the waste and the emplaced
containers would not be physically strong. Under these circumstances, the waste would be
expected to compress and to a degree mix under the force of haite creep during room closure to
awaste mass that, on the average, can be considered homogeneous. These assumptions, along
with the assumption of random placement, supported treating the waste as a homogeneous, well-
mixed material in performance assessment. These assumptions may be challenged by the
disposal of wastesof different types and the potential for large-scale clustering of such wastein
the repository. These conditions result in the possibility that one intruding borehole may
encounter waste that is chemically and physically quite different from another intruding
borehole, with a possible difference in releases. These issues have been reviewed by TEA in the
context of high strength waste from the proposed disposal of supercompacted waste at WIPP and
the historic receipt and digposal of large quantities of similar wastes within a single waste panel.

The Department’ sanalysis of the effects of supercompacted waste and heterogeneous waste
emplacement (Hansen et a. 2003a and 2003b) included an analysis of pipe overpack waste from
the Rocky Flats Environmental Technology Site (RFETS). Pipe overpacks are stainless steel
cylinders that are considerably more rigid than the standard waste containers modeled in the
original WIPP certification performance assessment. Although pipe overpack waste is mentioned
when reviewing the Department’ s analysis, the focus of this report is on the influence of
supercompacted waste.

2.1 Supercompacted Waste

The Department has requested the Agency to approve emplacement of supercompacted waste at
the WIPP in aletter dated December 10, 2003 (Docket A-98-49, Item I1-B-15). Supercompacted
waste would be processed at the Advanced Mixed Waste Treatment Facility (AMWTEF),
currently undergoing testing at the Idaho National Engineering and Environmental Laboratory
(INEEL). The AMWTF is designed to retrieve, characterize, repackage, and compact 55-gallon
drums of contact-handled, mixed transuranic debris waste, and place the compacted drums into
100-gallon drums for disposd at WIPP (Hansen et al. 2003b, p. 15). Non-debris waste would
also be processed at the AMWTF but would not be compacted. The uncompacted waste would
be placed in standard 55-gallon drums or in standard waste boxes for shipment and disposal at
WIPP (Hansen et a. 2003b, p. 17). The Agency approved disposal of the uncompacted AMWTF
waste on June 11, 2003, assuming all additional requirements were also met (Docket A-98-49,
Item 11-B3-56).

The 55-gallon drums of debris waste would be compressed vertically, resulting in flattened
cylinders called "pucks." The supercompacted pucks would have final volumes expected to range
from 15 to 35 gallons. Each 100-gallon drum is expected to contain from 3 to 5 pucks, with an
average of 4 pucks per drum (Hansen et al. 2003b, p. 15). Both the 55-gallon drums and the 100-
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gallon disposal containers would be made of steel. A photograph of several supercompacted
pucksis presented in Figure 2-1.

The 55-gallon drums of supercompacted waste would be compacted under a nominal pressure of
about 60 MPa, which is considerably greater than the maximum compactive pressure of
approximately 15 MPa exerted by halite creep at the WIPP repository (Hansen et al. 2003b, p.
23). As aresult, the Department expects no additional compaction of this waste during repository
creep closure. The presence of supercompacted waste would alter the time-dependent creep
closure of waste rooms. The homogeneous waste model does not include the possible effects of
gpatially varying room closure or the specific mechanical or chemical characteristics of these
supercompacted wastes.

Figure 2-1. Supercompacted waste pucks as generated in the AMWTF (from Hansen et al.
2003b, Figure 2-1)

2.2 Heterogeneous Emplacement

The operational plan of the WIPP isto emplace waste as it arrives. The WIPP site has limited
above-ground waste storage capability so waste must be placed underground promptly for
shipments to continue at anormal pace. Waste streams from individual sites, particularly pipe
overpack waste from RFETS, have arrived at the WIPP in a short period of time, leading to local
concentrations of the same waste stream in a particular area of the repository (Hansen  al.
20033, p. 13). For example, approximately 43% of the containersin Panel 1 include a pipe
overpack (Hansen et al. 2003b, p. 18). The 19,875 m® of supercompacted AMWTF waste will
account for about 12 percent of the total available volume of 168,485 m? for contact-handled
(CH) waste at WIPP, and the 40,944 m® of uncompacted AMWTF waste will account for about
24 percent of the total volume. Together, the Department expects the total volume of AMWTF
waste (60,819 m®) to account for 36% of the total available volume of CH waste at WIPP
(Hansen et al. 2003Db, p. 18). Local waste stream concentrations may be inconsistent with the
assumptions of random placement and repository-wide homogeneity. The Department analyzed
the effect of heterogeneous waste emplacement of supercompacted AMWTF wastes in a separate
Advanced Mixed Waste (AMW) performance assessment. A primary purpose of TEA’sreview
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